CASE REPORTS
Case I: A 16- year-old male caucasian with known dextrocardia was admitted to hospital for bilateral intranasal antrostomy. General anaesthesia was uneventful after induction with thiopentone 350 mg intravenously (IV) and alcuronium 15 mg IV with fentanyl maintenance doses to a total of 100 JAg. Two minutes after extubation he developed severe laryngeal spasm causing complete respiratory obstruction and cyanosis. He was immediately reintubated without drugs, and was ventilated using 100070 oxygen. Vital signs were normal and oxygenation appeared satisfactory. When spontaneous respiration was allowed to return, copious pink frothy sputum issued from his airway, whereupon mechanical ventilation was reinstituted. Physical examination and chest X-ray were consistent with pulmonary oedema. Frusemide 40 mg IV was administered. One hour later he was extubated, followed by rapid clinical improvement. Electrocardiographs and an echocardiogram were normal, and he was discharged from hospital 48 hours later.
Case 2: A 16-year-old caucasian girl was admitted comatose and decerebrate after being found hanging by the neck in a suicide attempt. Upon release she was cyanosed, and developed convulsions. At arrival in the hospital casualty unit she was noted to be in respiratory distress, with coarse bilateral crepitations. A chest X-ray showed air space changes consistent with pulmonary oedema. She was intubated after intravenous suxamethonium 100 mg and diazepam 10 mg. After several minutes of spontaneous breathing she appeared to improve, but pink frothy sputum began to emerge from the endotracheal tube. Positive end-expiratory pressure (PEEP) was applied. Arterial blood gases showed: P02 62.5 mmHg, PC02 36.9 mmHg, pH 7.27, base excess -10 mmol/l bicarbonate 17.1 mmol/l. A repeat chest X-ray shortly afterwards demonstrated pulmonary oedema and bilateral pneumothoraces. Bilateral chest drains were inserted. She subsequently had gradual but complete neurological improvement, and she was discharged well from hospital after ten days.
PREVIOUS REPORTS
Although airway obstruction as a rare cause of acute pulmonary oedema was recognised clinically in the 1960s,I-3 no case report appeared until 1977. 4 ,5 The larger series describing paediatric cases with croup or epiglottitis 4 ,6-1O and other less well-documented or sporadic reports 11-14 probably account for the perception that this syndrome occurs mainly in children. In adults, a variety of conditions causing airway obstruction may also be associated with fulminating pulmonary oedema including laryngospasm,15,16 epiglottitis,17 malignancY,5.18.19 goitre,20 sleep apnoea 20 . 21 and strangulation. 5 Hulbert claimed that the syndrome also occurs in spontaneously breathing subjects with inappropriately small endotracheal tubes. 3 Near-drowning may be considered a variant of this group of conditions,I,12.23 although the distinction between obstructive and neurogenic causes of pulmonary oedema in such cases is not clear. In one systematic study, Swann 24 found a high incidence of pulmonary oedema associated with sudden asphyxial deaths. PATHOGENESIS The mechanisms underlying asphyxial pulmonary oedema (APO) are obscure. Several theories exist to explain the course of events, suggesting the likelihood of disparate aetiologies. Marked negative intra-airway pressures generated by breathing against an upper airway obstruction,5,6,25 or 'extremely vigorous inspiratory efforts' \3 may lead to exudation of fluid across the capillary and alveolar membranes, a mechanism classically described in the pathogenenesis of pulmonary oedema. 26 In some cases pulmonary oedema may occur upon release of obstruction, when the balance of intrathoracic forces which prevent the oedema initially are overcome. 6 However, the possibility of prolonged hypoxia, or severe acidosis, being able to induce pulmonary oedema, whether by direct lung effects or through cardiac depression cannot be easily dismissed. An unpredictable feature of this syndrome is the time course of the onset of pulmonary oedema. Of the reported cases, more than 50070 occurred after relief of obstruction, mostly in the paediatric cases. There is no clear relation of the detection of pulmonary oedema to the duration of asphyxia or the time after relief of obstruction (Table 1 ), suggesting the influence of other mechanisms. Other proposed contributory factors include occult and overt aspiration of gastric contents,S, 10 endotoxinamemia,9 drug and antibiotic effects,9 alteration in the virulence of pathogenic organisms, 14 prolonged hypoxia and pulmonary vasoconstriction, myocardial ischaemia,11 and suxamethonium-induced soft tissue obstruction at the neck. 27 In neardrowning, pulmonary oedema is often found in the airways,22.23 possibly due to severe laryngospasm occurring at the time. Although APO is likely to be multifactorial,17,21 the distinction between likely predisposing causes is further obscured in the setting of trauma and multiple organ failure. 28 Furthermore, the difference between this syndrome of asphyxial pulmonary oedema and adult respiratory distress syndrome is uncertain. There is no information in the literature specifically addressing this distinction.
MANAGEMENT The management of these patients is largely based on providing adequate oxygenation. On reviewing reported cases, more than 50% of patients had a P02 of less than 60 mmHg at the time of intubation or soon after ( Table 2 ). The majority of these cases were children, emphasising the importance of recognising this potentially fatal syndrome 14 in the younger age group. Positive airways pressure in the form of positive and expiratory pressure (PEEP) or continuous positive airway pressure (CP AP) is usually required. In 18 of previously reported cases, CPAP or PEEP was used. Kanter 7 found that pneumothoraces may occur commonly in those receiving this therapy. Diuretics, although recommended by some, 12 and used in a third of all reported cases, should not generally be used because it has been shown that intracardiac pressures may be normal. 4, [16] [17] [18] [19] [20] Corti co steroids have been used without clear indication, but these may be indirectly beneficial through its effects on an associated condition such as epiglottitis or aspiration pneumonitis. 4 ,5, 1O The finding of dextrocardia and situs inversus in our first case is almost certainly coincidental to the pulmonary oedema. In both cases there was no evidence of impaired cardiac function detected from history, electrocardiograms, the cardiac silhouette on chest X-ray or echocardiographic data. Despite the lack of direct haemodynamic data, these provide strong evidence for the lack of a cardiac cause for pulmonary oedema in our patients.
Echocardiography in patients with APO has been found normapo and abnormal. II Radiological cardiomegaly is usually absent, but transverse heart diameters at the upper limit of normal may regress with treatment. 1 Although pulmonary oedema occurring in the abs.ence of cardiomegaly or abnormal indices of systolic function may be related to acute changes in ventricular compliance and diastolic performance with elevation of pulmonary venous pressures,29 the consistent documentation of normal intracardiac pressures in APO make these unlikely to be major factors. 4 , [16] [17] [18] [19] [20] If hydrostatic alterations do not fully account for the pulmonary oedema in APO, changes in transcapillary permeability or plasma oncotic pressure may provide an explanation. Such considerations are particularly relevant in hypoproteinaemic states of associated malignancy13 or other chronic illnesses. This aspect of pathogenesis has not been significantly explored in the case reports to date. Plasma colloid osmotic pressure measured during the acute event in one case was reported normal,17 but to our knowledge, no one has studied the protein composition of pulmonary fluid in APO. High oedema fluid to serum colloid oncotic pressure ratios may be evidence of altered capillary permeability. 30 It is also of interest that in the syndrome of reexpansion pulmonary oedema, where some of the acute changes in lung mechanics are analogous to those in APO, altered pulmonary capillary permeability may be demonstrated. 31 It is emphasised that diuretics be used only when intracardiac pressures are elevated.
The mechanisms underling APO are obscure, and probably multifactorial. Patients with APO appear to be heterogenous group in their clinical setting and course. In half the reported cases, pulmonary oedema precedes relief of airway obstruction. Further study of such patients during the acute episode is warranted to define aetiology and permit classification of such patients.
